ABSTRACT: Larvae of Elminius modestus (Darwin) at a wide range of temperature (6 ° to 24 °C) and salinity (20 to 50 %0 S). Mortality was highest at 10 %0 S; only at 12 ° and 18 °C did a small percentage develop to the cypris, The larvae from New Zealand were reared at a temperature range of 12°-24 °C at 20, 30 and 40 %0 S; mortality increased in all populations at all salinities with decreasing temperature and was extremely high at 12 °C and 40 %0 S. The temperature influence on larval duration could be described in all cases by a power function. No significant differences in temperature influences on developmental times between the tested salinities were found, except for the Portobello population at 20 %o S. Significant differences were found in the temperature influence on larval development between the populations from Helgoland and the North Island of New Zealand (Leigh, Doubtless Bay). No differences were found between the Helgoland and Portobello population. The pooled data for the temperature influence on the larval development of the three tested New Zealand populations at 20, 30 and 40%o S and the pooled Helgoland data at 20, 30 and 40 %~ S show highly significant differences.
INTRODUCTION

Elminius modestus (Darwin) is a very common species throughout New Zealand
For the experiments done at the Marine Institutes of Portobello (University of Otago) and Leigh (University of Auckland) adults of E. modestus were collected from the field and ripe eggs were collected. Only larvae which hatched during the first hour were used for experiments. The experiments in Portobello (n = 55 at 12 °, 15 ° and 18 °C; n = 22 at 16 ° and 24 °C LD 15:9) were done in "temperature controlled water-baths" and in 15 °, 18 ° and 24 °C LD 12:12) in "temperature controlled boxes" at 20, 30 and 40 %o S. The relatively small culture bowls (4-5 ml) had to be checked in both cases at room temperature (18 °C), causing temperature changes of the culture medium. Because such variations can have a strong influence on developmental time (Costlow & Bookout, 1971; Sastry, 1979) , adult E. modestus from Portobello, Leigh and Doubtless Bay were taken to the Marine Station Hetgoland (F. R. G., North Sea) to repeat the experiments under conditions identical to those for the Helgoland population at 12 °, 18 ° and 24 °C and 20, 30 and 40 %o S. The adults from N.Z. were kept at the Marine Station Helgoland at constant 15 °C for about three months in a flow-through-system before newly hatched larvae were taken for experiments. 24 larvae of the N.Z. populations were reared at the Marine Station Helgoland at each combination.
The growth rate of the larvae was determined by measuring the breadth of the carapace with an okular micrometer. Carapace breadth is a good indicator because of its relatively small variation within single experimental sets (Harms, 1982) .
RESULTS
Helgoland population
The time span for the development of the naupliar stages II-VI at different combinations of salinity and temperature are shown in Figure 3 Ballentine, 1983) 20 and 40 %0 S. The temperature influence at the different salinities can be described by a power function. Table 1 shows the function constants b and m and correlation coefficient (r) for the developmental time of the single naupliar stages as well as for the total development from nauplius II to the cypris stage. No differences in temperature influence exist between the tested salinities. The Q10-values for the temperature influence between 6 °, 12 ° and 24 °C on the duration of total development lie between 2.2 und 3.4, depending on the temperature range and salinity (Table 7) . The regression line for the time of total development from nauplius II to the cypris is compared in Figure 11 with the data of the N.Z. populations. Mortality (except at 6 °C) was lowest at 20 %0 S (Fig. 4) , At 10 %0 S, most of the larvae died after a few days (at 6 °, 9 ° and 24 °C), and only a small percentage reached the cypris stage at 12 ° and 18 °C (2 and 6 %, respectively). Mortality at 20-40 %0 S was lowest at 24 °C and increased with decreasing water temperature. 12 10 173 ± 6 213 ± 9 243 ± 11 309 ± 8 366 586 20 178 ± 4 215 ± 7 263 ± 4 317 ± 7 387 ± 9 570 ± 15 30 175 ± 4 209 ± 5 264 ± 6 327 ± 7 392 ± 10 567 ± 14 40 172 ± 4 203 ± 4 250 ± 6 312 ± 7 384 ± 8 569 ± 21 50 174 ± 4 200 ± 6 249 ± 9 311 ± 12 389 ± 9 574 ± 19 18 10 173 ± 4 209 ± 7 265 ± 9 306 ± 16 373 ± 35 484 ± 24 20 175 ± 4 212 ± 5 293 ± 5 317 ± 8 385 ± 8 562 ± 26 30 179 ± 4 204 ± 6 257 ± 9 314 ± 9 390 ± 9 583 ± 39 40 172 ± 3 202 ± 5 251 ± 5 313 ± 5 380 ± 9 558 ± 12 50 173 ± 4 186 ± 8 239 ± 10 306 ± 8 368 ± 22 537 ± 17 24 20 174 ± 2 218 ± 3 266 ± 4 317 ± 6 365 ± 7 537 ± 11 30 173 ± 4 210 ± 3 260 ± 5 311 ± 6 367 ± 7 542 ± 12 40 169 ± 4 209 ± 3 251 ± 4 309 ± 6 356 ± 7 511 ± 14 50 173 ± 5 201 ± 6 251 ± 6 307 ± 5 360 ± 9 520 ± 13
Carapace size of the naupliar stages and the carapace length of the cypris larvae at different combinations of water temperature and salinity are given in Table 2~ The effect of temperature and salinity on carapace size was most obvious in the nauplius stage VI. There was generally a gradual decrease in size from 6 ° to 18 °C and a stronger reduction from 18 ° to 24 °C. The largest exuviae for each temperature were always found at 30 %° S (Fig. 5 ). Towards lower and higher salinities there was a clear reduction in size. Carapace size varied little at 24 °C, although there was a trend towards smaller carapace size at higher salinites.
New Zealand populations
The influence of water temperature and salinity in the experiments carried out at Helgoland on single naupliar stages II-VI of the three N.Z. populations is shown in Figure 6 . Developmental time and the salinity influence thereon increased with decreasing water temperature. The temperature influence on total larval development from nauplius II to the cypris could be described for all populations with a power function (Table 3A . The shift in developmental time towards shorter spans at low water temperatures and prolonged development at high temperatures may have been caused by temperature changes due to handling of the culture bowls (see Materials and Methods). A comparison of the temperature influence at the three tested salinities for the Portobetlo, Leigh, and Doubtless Bay population gave no significant differences, except for the Portobello population between 20 %0 S and 30 %0 S or 40 %0 S (Table 4 A) . There were no significant differences between the two North Island populations (Table  4 B ), so that these data could be pooled (regression constants see Table 3 (Fig. 9 ) might have been caused by contamination with formalin, which had previously been used in the culture room. The developmental duration did not seem to be affected by this (Fig. 7) . The experiments at 16 °C, carried out in a constanttemperature room, showed much lower mortality, although it was still higher than in the control experiments in Helgolancl (Fig. 10) . Normally, mortality was lowest at 24 °C and increased with decreasing temperature. In both experiments, mortality was highest considering all temperatures at 40 %0 S, and it was extremely high at 12 °C. The salinity influence on growth rate was in general similar to the Helgoland population (Harms, 1985) , but because of the smaller temperature and salinity ranges these trends were less obvious. In all experiments, the carapace size decreased with increasing temperature. The larvae from the Portobello population were always much smaller than larvae from the North Island populations (Fig. 12) .
Comparison of the antipodean populations
The regression constants for the Helgoland population (pooled data) are given, for better comparison, for the same temperature interval (12°-24 °C, Fig. 11 ). The antipodean populations showed highly significant differences in the temperature influence on the duration of the larval development. Similarly, the Q10-values (12~-24 °C) showed a stronger temperature influence in the N.Z. population than in the Helgoland population (Table 7) . Another difference was found by comparing the carapace size of the naupliar stages. The N.Z. populations were much smaller in nauplius II (Fig. 12) , which is especially true for the Portobello larvae. This difference in carapace size was found throughout the larval development up to the VI. nauplius stage (Harms, 1985) . The variation in size of the VI, nauplius stage (Fig. 12) was caused by the influence of temperature and salinity. All four populations showed similar growth rates during larval development (Harms, 1985) . The adults of Elminius modestus, a euryhaline species, are active between 19 to 40 %0 S (Barnes & Barnes, 1974; Davenport, 1976) . E. modestus larvae hatch only at salinities above 21%0 S, but are still mobile at 9 %0 S (Cawthorne & Davenport, 1980) . Data of the salinity range in which the larvae of E. modestus develop successfully to cypris are missing. Only little is known about the salinity tolerance of the first nauplius stage, Bhatnagar & Crisp (1965) proposed a tolerance limit of 12 to 15 %o S, Davenport & Cawthorne (1978) reported that larvae which are adapted to low salinities had a 
E"
Oa tolerance limit of 6.7 %0 S. Lance (1964) gave 10.3 %0 S as the lower tolerance limit of the VI. stage of E. modestus. All these experiments were carried out with freshly hatched larvae or those from plankton hauls, data for the other naupliar stages are lacking. These present experiments showed that the larvae of E. modestus can be reared to the cypris without any adaptation in a salinity range of 10 to 50 %0 S (12°-18 °C). The reduced salinity tolerance at extreme temperatures (6 °, 9 ° and 24 °C), and low mortality of the nauplius stages between 20 to 40 %0 S correspond to the salinity ranges of the adults (Barnes & Barnes, 1974; Davenport, 1976) . Judging from the successful cypris metamorphosis to juveniles in all experimental sets (except at 10 and 50 %o S), cypris seem to have similar tolerance limits as adults. The rearing of the larvae showed that developmental time at salinities which are normally found in the natural environment was slightly shorter than at extreme salinities (10, 40 and 50 %o S). At the beginning of the experiments, nauplii (stage II) showed a temporary lack of activity at the extreme salinities (10 and 50 %0 S), and recovered normally after 10 to 30 min. Some of the larvae lived for a long time (up to 25 days) without any further development. Low salinities in natural environments can be observed near water surfaces. Because of this inactivity, the larvae in nature are likely to sink from such low salinity conditions to deeper, more saline water layers. Similar behaviour was observed in decapods (Anger, 1985; Roberts, 1971} . Larvae of E. modestus also tolerate high salinities, which may occur through evaporation in intertidal areas. This is especially important for E. modestus which settles in the upper part of the intertidal zone (Foster, 1971 a, b) .
Larval growth rate is influenced both by temperature and salinity. Tighe-Ford at al. (1970) and Crisp (1962) found similar temperature effects on larval size in laboratory culture and field studies. The largest carapace sizes were always found at 30 %o S, which is close to natural salinity (Fig. 2) .
The differences in larval size between the N.Z. populations are surprising, because the smallest larvae were found in the relatively cool area of the South Island. These results contrast with those of Barnes & Barnes (1965 b) and Crisp (1962) , who found increased larval size in cooler geographic areas. No differences in the carapace size of the nauplii occurred between the two North Island populations. The Helgoland larvae, which are subject to occasionally harsh winters (Crisp, 1964 a; D6rjes, 1980; Harms & Anger, 1983; Ziegelmeier, 1964) and relatively low summer temperatures (Hickel & Mangelsdorf, 1980) , were always larger than those from N.Z.
Non-genetic adaptation during early stages can have a strong influence on later acclimation (for definition see Crisp & Ritz, 1967; Kinne, 1964) and may influence the differences in naupliar size and developmental time between the antipodean populations. Acclimation to various predominate temperatures might also be responsible for the differences between the North and South Island populations of N.Z. (Table 4 ). The time span of three months at 15 °C in a flow-through-system at Helgoland might not have been enough to reach identical acclimation conditions for the N.Z. populations. Although more than half the eventual level of acclimation in many groups is achieved in the first week (Crisp & Ritz, 1967) .
Earlier experiments, such as a comparison of cirral activity (Ritz & Foster, 1968) , and gel-electrophoretic examinations (Flowerdew, 1984) failed to find differences between populations of E. modestus from N.Z. and Europe. These results, the differences in larval
